Background: The literature offers discrepant findings regarding age at death in individuals with Huntington disease (HD). Objective: To study the age at death and causes of death in males and females with a diagnosis of HD in Norway.
INTRODUCTION
Huntington disease (HD) is an autosomal dominant neurological disease caused by an expanded CAG repeat in the Huntingtin gene [1] . The disease is characterized by progressive functional decline and motor, psychiatric and cognitive symptoms [2, 3] . Clinical symptoms of HD usually develop between * Correspondence to: Dr. Kristin J. Billaud Feragen, Centre for Rare Disorders, Oslo University Hospital, P.O. Box 4950 Nydalen, 0424 Oslo, Norway. Tel.: +47 23 07 53 42; E-mail: krifer@ous-hf.no. 30 and 50 years of age and disease duration is approximately 15-20 years from first clinical symptoms to complete care dependency and death.
Clinical experience indicates that questions related to prognosis and life expectancy are central for affected individuals and their families. Population studies based on national registries may provide important data for the investigation of rare conditions, and have been used in several studies on HD. Based on registry data, two studies found that the mean age at death was 56 years in a population of individuals with HD from Southern Italy [4] and in the United States [5] . A study of age at death in Serbia found a slightly lower mean age at death of 51.0 years, and a gender difference of five years, with lower mean age at death of 49.1 in males [6] .
Other studies have investigated immediate and underlying causes of death in patients with HD [7] [8] [9] [10] [11] . In three studies [5, 7, 11] , the most common immediate cause of death was pneumonia, followed by cardiovascular diseases. Suicide has also been reported to be more prevalent in the HD population compared to the general population [7] [8] [9] , as already described by Huntington in 1872 [12] . An early Norwegian study reported a suicide rate of 2.2% between 1916 and 1975 in a population of individuals with HD, based on data from a national registry [9] . A Danish study, also based on data from national death certificates, revealed that in cases of HD as an underlying cause of death, 5.6 % had committed suicide, compared to 2.7% in the general population [7] . Knowledge about causes of death in individuals with HD could inform health care services about medical risk and treatment needs in patients with HD, and in cases of treatable or preventative conditions, provide substantial benefits to the patients [10] . Knowledge about age at death and causes of death is also relevant in at health policy levels, to increase awareness of the impact of HD [13] .
The aim of the present study was therefore to study the age at death and cause of death in males and females with a diagnosis of HD in Norway in the period 1986-2015. The following research questions were investigated: How did the number of cases of death and age at death among individuals with HD develop over 30 years? What were the frequencies of direct and underlying causes of death in individuals who have a diagnosis of HD on their death certificate? Developmental trends in the number of deaths and age at death among the HD population are compared with the general Norwegian population in the same period.
METHODS
The present study was based on data from two national registries that provided information about age at death of individuals with HD in the period 1986-2015: the Norwegian Cause of Death Registry (NCDR) at the Norwegian Institute of Public Health and the patient registry at the Centre for Rare Disorders (CRD), Oslo University Hospital, Norway. The 30-year period from 1986 to 2015 was chosen because we expected a higher diagnostic quality and completeness of data from the mid-1980 s.
Description of data
The Norwegian Cause of Death Registry (NCDR) provides information on date and cause of death (immediate and underlying) in the Norwegian population. Information about causes of death in individuals with HD could be extracted from the registry. Underlying cause of death is defined as "the disease or injury that initiated the chain of events leading directly to death, or the external circumstances of the accident or violence that was the cause of the fatal injury". Immediate cause of death is defined as "the disease, injury or condition directly leading to death and which was caused by the underlying cause of death" (WHO, International classification of diseases). As an example, difficulties with swallowing due to HD (underlying cause) may lead to aspiration pneumonia and sepsis (immediate cause of death).
Anonymous data were obtained from the NCDR regarding age at death and immediate and underlying cause of death in individuals with HD in the period 1986-2015. Individuals with HD were identified in the NCDR when HD was listed on the death certificate as one of the diagnoses. A total of 559 individuals with HD were identified through the NCDR in this period. Data about age at death and causes of death in the general Norwegian population were obtained for the same period 1986-2015.
The Centre for Rare Disorders (CRD) is a multidisciplinary, nationwide competence center offering information, counselling and courses for nearly 70 rare disorders, HD being one of these. The center's services are aimed at individuals with a rare disorder and their families, as well as professionals working with these disorders. Individuals and their families may contact the center without referral. Registration is voluntary, and the registry therefore contains only information about those who have contacted the center for counselling or in search of information, and who also have consented in being included in the registry. Among all individuals registered with HD, a total of 439 cases of death were identified in the period 1986-2015.
The NCDR and the CRD are both operating at a national level. Therefore, most patients with HD are expected to be found in both registries. Analyses were therefore run separately for both registries, in order to avoid bias.
Procedure
Data on gender, age at death and year of death were registered in the CRD's patient registry. Causes of death are not systematically registered at the CRD. Results (gender, age at death, number of deaths per year) were compared to figures from the NCDR during the same period , based on anonymous data.
Statistical analyses
The statistical analyses were performed using SPSS Statistics version 23 (IBM Corp, Armonk, NY). Descriptive statistics were calculated. Chi-square tests were used to calculate differences between dichotomous groups, while independent sample t-tests were used when calculating differences between continuous variables.
RESULTS

Age at death
In the period 1986-2015 we identified a total of 559 deceased individuals with HD in the NCDR and 439 deceased individuals in the HD registry of the CRD (Table 1 ). According to the data from NCDR, as many as 14.6% (n = 82) of the individuals with HD reached the age of 80 years or higher, of which 2.3% (n = 13) reached an age above 90 years. We also found that 5% (n = 28) of individuals with HD died before the age of 40.
As can be seen in Table 2 , the mean age at death of individuals with HD in the period 1986-2015 in the NCDR was 63.9 years, compared to a mean age at death of 76.9 years in the general population (t(1291214) = 19450, p < 0.0001).
When comparing the two registries we found that individuals with HD registered at the CRD lived about two years shorter than the ones in the NCDR. The largest discrepancy between the two registries was found for a small group of individuals who died of HD before reaching the age of 30 (80% of the cases in this age group registered in the NCDR was missing in the CRD's registry), followed by a larger group of individuals who died in their 80 s (55.1% missing in the CRD's registry) and 90 s (46.2% missing).
Data from the NCDR showed ( Table 2 ) that there was no significant difference in the age at death between males and females with HD (NCDR: t(557) = 1.68; p = 0.094; CRD t(437) = 0.62, p = 0.537). In contrast, females in the general population lived significantly longer than males (t(1290655) = 231.33, p < 0.001). Males with HD died on average at the age of 62.9, compared to 73.7 Table 1 Individuals with HD deceased in 1986-2015: Comparison of data from the Norwegian Cause of Death Registry (NCDR) and the registry of the Centre for Rare Disorders (CRD) 
Due to a relatively low number of deceased individuals with HD per year, mean age at death was calculated in five-year intervals (Table 3 , Fig. 1 ). In order to investigate whether the age at death significantly changed between 1986 and 2015, we compared the mean age at death in the first five-year interval (1986-1990) with the mean age at death in the last five-year interval under study (2011) (2012) (2013) (2014) (2015) . For individuals with HD, the mean age at death in 1986-1990 (M = 62.8, SD = 13.5) was not significantly different from the mean age at death of individuals with HD in 2011-2015 (M = 64.4, SD = 14.7; t(191) = 0.75, p = 0.455). This finding was consistent also for males and females separately, as we found no statically significant differences between the first and the last time period (Males: t(98) = 0.26, p = 0.798; Females: t(91) = 1.13, p = 0.262).
In the general population, there was a statistically significant difference of four years in the mean age at death between the two time periods of 1986-1990 and 2011-2015 (t(427705) = 92.48, p < 0.001). This difference was significant for both males (t(216224) = 59.41, p < 0.001) and females (t(211479) = 65.64, p < 0.001). In other words, the significant increase in age at death in the general population was not found for individuals with HD. During the period of 1986-1990, the disparity in age of death between individuals with HD and the general population was 11.6 years, whereas this difference was 14.5 years in the period 2011-2015. In both groups (individuals with HD and the general population), the dispersion of the values around the mean (standard deviation) was similar, with slightly more variability in age at death in the general population (SD HD = 14.2 vs SD Genpop = 15.8).
During the period of 1986-2015, we observed an increasing number of deceased individuals with HD, from 70 in 1986-1990 to 123 in 2011-2015 (Fig. 2 ).
An increased number of diseased individuals with HD could not be explained by an increasing number of deceased individuals in general, as the number of Figure 2 illustrates that a higher number of individuals with HD were registered at the NCDR compared to the CRD in the given time period. The difference between the two databases has decreased over time.
Differences between the two registries
Cause of death
When examining information from the NCDR, HD was registered as the underlying cause of death in 73.5% (n = 411) individuals with HD (Table 4) . For the remaining 26.5% (n = 148), the subsequent causes of death were cardiovascular diseases (10.2%; n = 57), followed by cancer (4.3%; n = 24) and respiratory diseases (3.8%; n = 21). A small proportion of individuals with HD died from injuries or poisoning (3.2%, n = 18), whereas in 2.3% (n = 13), suicide was registered as an underlying cause of death. Suicide was mentioned more often in males with HD (3.7%; n = 10) than in females (1.0%; n = 3).
In the general Norwegian population (1986-2015), the order of underlying causes of death was similar to the one found in the HD group: cardiovascular diseases (40.3%), cancer (24.2%) and respiratory diseases (9.8%). Injuries and poisoning was reported for 4.4 %, whereas suicide constituted 1.3% of causes of death in the general population. Males died by suicide more frequently (1.9%) than females (0.7%).
The incidence of suicides was significantly higher in individuals with HD compared with the general population; χ 2 (1, N = 559) = 4.34, p = 0.037. When investigating males and females separately, the difference in suicide prevalence was significant only for males (χ 2 (1, N = 273) = 4.40, p = 0.036), but not for females (χ 2 (1, N = 286) = 0.42, p = 0.518).
Individuals with HD had a lower mean age at death than the general population for all underlying causes of death except for suicide, where a higher mean age was found in individuals with HD (M HD = 55.0, SD = 8.6; M Genpop = 46.0, SD = 18.5). A lower mean age at death was also the case for individuals with HD dying of "other injuries and poisoning" (Table 4) , first of all in females. However, these differences were not statistically significant (Total sample: t(57391) = 1.82, p = 0.069; Males: t(32758) = 0.77, p = 0.441; Females: t(24631) = 1.83, p = 0.068).
As can be seen in Table 5 , the most common immediate cause of death among individuals with HD was respiratory diseases (44.2%), followed by HD (21.5%).
DISCUSSION
The present study examined the age at death in individuals diagnosed with HD, using data from two national registries. Whereas the NCDR includes all cases of death in Norway, by age, gender, and cause of death, the CRD registry is voluntary, lacks information of cause of death, and contains only information about individuals who had been in contact with the center. The deceased individuals with HD registered at the CRD lived about two years shorter than individuals with HD registered at the NCDR, which may suggest that those who were diagnosed with HD at a Table 4 Underlying causes of death Other (D00-D49, D50-D89, E00-E90, L00-L99, M00-M99, O00-O99, P00-P96, Q00-Q99, R00-R99) Cancer (C00-C97) 0.8 (1) 0.9 (1) 0.9 (2) * Some individuals had more than one immediate cause of death listed in their death certificate, hence leading to a sum exceeding 100%. In all cases when suicide was mentioned as immediate cause of death in individuals with HD, it was also listed as underlying cause of death (NCDR). Data on immediate cause of death is missing for 150 males (54.9% of the sample), 176 females (59.9% of the sample). Note: When there are ≤3 cases for either males or females, mean age is not reported for any gender.
higher age were less likely to seek contact with the CRD. Otherwise, there were no differences between the two registries: both showed no increase in age at death over years, no difference in age at death between males and females, and an increasing number of deceased individuals with HD. Differences between the two registries suggests that almost 80% of those diagnosed with HD in Norway have been in contact with the CRD for counseling and followup. The largest gaps between the two registries were found for those dying of HD before the age of 30 and after the age of 80 years.
Our results show that the number of deaths of individuals with a diagnosis of HD increased during the period under study. Several factors may explain this finding. First, neurological diseases such as HD may be diagnosed more frequently and more precisely than a couple of decades ago. Secondly, death certificates may have become more exhaustive over time, and physicians who fill in the certificates may also have easier access to central medical information about the patients. Additionally, life expectancy increased in the Norwegian population during this period, which could also potentially lead to an increased number of individuals with late onset HD [14] . Still, if the increase in the number of cases was due to individuals with late manifest HD, one would expect that the mean age at death for individuals with HD would increase over the decades, which was not observed in the present study.
Despite a population growth, the number of deceased individuals in Norway had decreased from 1986 to 2015. A decrease in the number of deaths in the general population may be explained by better health conditions and health care, an effect that did not seem beneficial for individuals with HD: while life expectancy rose with four years in the general population in the given 30-year period, no significant difference in mean age at death was found in the group with HD during the same period. Consequently, an increasing disparity in mean age at death from HD and age at death in the general population is evident. During the period of 1986-1990, the gap in age at death between individuals with HD and the general population was 11.6 years, whereas this gap had increased to 14.5 years in 2011-2015. Further, there was no difference in age at death between males and females with HD, as has been reported previously [5] , which means that the relative loss of years is larger for females with HD, as they live longer than males in the general population. In other words, improved health conditions and health care leading to an extended life expectancy in the general population, does not seem to benefit patients with HD, as was also observed in a Dutch study in 1999 [15] . Nevertheless, improved care may reduce suffering associated with some of the disease's symptoms, and could therefore have the potential to decrease caregiver burden and increase quality of life in patients with HD [10] . Future research is however needed to confirm this.
It should be noted that individuals with HD who died during the given time period belonged to younger birth cohorts (later years of birth) than the general population who died during the same time period. If data had been available so that same birth cohorts could be compared, the relative loss of years for an individual with HD would probably have been even larger.
For individuals registered with HD on their death certificate, HD was the most common underlying cause of death (73.5%), and respiratory diseases were the most common immediate cause of death (64.5%). In two other studies [4, 11] , pneumonia and diseases of the respiratory system were also reported as the main primary cause of death in individuals with HD (42% and 55% respectively), followed by cardiovascular complications (26% and 10.9%). However, as in the present study, the primary cause of death was unspecified in many cases, implying uncertainties associated with these findings. Differences between studies regarding causes of death may be explained by different levels of care and diagnostic sensitivity across countries and studies. Countries can also be expected to differ in terms of how causes of death are registered, and diagnostic terms may also differ across registries, leading to a variation in the frequency of reported causes of death.
Our study found that the three subsequent underlying causes of death were equal to the most common underlying causes of death in the general population: cardiovascular diseases, cancer, and respiratory disease. However, even if the order of causes of death were similar, numbers differed. This could probably be explained by a lower mean age at death in patients with HD, which means that individuals who could be at risk of developing cancer or cardiovascular diseases may die from HD before developing other medical conditions. Individuals with HD had a lower mean age at death than the general population for all underlying causes of death except for suicide. In the literature, suicide figures in patients with HD are found to vary across studies, ranging from 0.6% to 10% [16] . In the present study, suicide was more prevalent among males with HD (3.7%) than among males from the general population (1.9%), whereas there was no difference in the prevalence of suicide between females with (1%) and without HD (0.7%). Suicide was almost four times more frequent underlying cause of death for males compared with females with HD, while in the general population, suicide was almost three times more frequent in males than in females. Another interesting finding was that individuals with HD committed suicide at a higher age (7-10 years later) than the general population, with a mean age of 55.0 years for males and 54.9 years for females. This finding may suggest that those at risk for suicide within the HD group differ from the general population in terms of psychological risk, probably explained by concerns related to the development of the disease and experiences of function decline [17, 18] . On the other hand, individuals who feared that they might have inherited HD could also have committed suicide in their thirties or forties, before having been diagnosed. This group would not be registered with HD when committing suicide, leading to a registered increase in the mean age of death by suicide for individuals with HD and lower suicide figures than what is really the case. Another interesting subgroup that could potentially be associated with suicide figures, are those who were registered with "other injuries and poisoning" as underlying cause of death. On the other hand, the literature has demonstrated that this group may also include patients that have died as a result of falls [19] . Individuals with HD dying of other injuries and poisoning had a mean age at death that was lower than in the general population, most notably for females (by 16.5 years). This difference was however not statistically significant, probably due to small HD subsamples.
Future research should aim at having more complete information of causes of death, including immediate and contributory causes of death. It would also be interesting to have information on the CAG repeat length and investigate its relationship to the age of death. Other factors that could be of potential interest for future research is information about potentially protective factors of the patient's environment, such as marital status which has been found to be associated with later onsets of HD [9] . Another area of future research could be to explore not only the age at death, but also disease duration and factors associated with slower progress of the disease.
Strengths and limitations
The main strength of the present study was its access to relatively complete data from national registries containing information about individuals diagnosed with HD. Further, comparing information from two different registries provided a quality check of CRD's voluntary patient registry. Since patients could be listed in both registries, analyses were run separately for data from the NCDR and the CRD, hence no bias due to a potential double registration was present. Still, some limitations need to be acknowledged. First, and as expected, the number of registered individuals with HD at the CRD was lower than the national death registry (NCDR). A lower number of individuals with HD in the CRD registry could indicate that some individuals and their families do not have information about their possibility to contact the CRD, or they feel they do not need counselling and information from the center. Another explanation could be that families wish to hide the disease that runs in the family, a medical condition that still generates shame, and therefore do not contact the center. Further, questions could be asked regarding whether HD can be expected to be registered correctly when cause of death is not directly linked to the disease and hence is not registered on the death certificate. As an example, suicide in individuals who fear to have inherited the disease, but have not yet been diagnosed, would be registered within the general population. Last, the data from the registries did not contain any individual information that could potentially have helped interpret results, such as for example CAG repeat data or time of diagnosis.
Conclusion
The age at death of individuals with HD was stable over a period of 30 years, which implies that the disparity between age at death from HD and age at death in the general population was found to be increasing. No gender difference in age at death was observed in patients with HD, in contrast to what is found in the general population, which indicates that females with HD have a larger average loss of years than males. Suicide was more common among individuals with HD compared to the general population, particularly in males. Knowledge about a reduced life expectancy for individuals with HD compared with the general population illustrates the impact of HD on those affected.
